This study describes the richness and density of zooplankton across temporary pools in an intermittent river of semiarid Brazil and evaluates the partitioning of diversity across different spatial scales during the wet and dry periods. Given the highly patchy nature of these pools it is hypothesized that the diversity is not homogeneously distributed across different spatial scales but concentrated at lower levels. The plankton fauna was composed of 37 species. Of these 28 were Rotifera, 5 were Cladocera, and 4 were Copepoda (nauplii of Copepoda were also recorded). We showed that the zooplankton presents a spatially segregated pattern of species composition across river reaches and that at low spatial scales (among pools or different habitats within pools) the diversity of species is likely to be affected by temporal changes in physical and chemical characteristics. As a consequence of the drying of pool habitats, the spatial heterogeneity within the study river reaches has the potential to increase diversity during the dry season by creating patchier assemblages. This spatial segregation in community composition and the patterns of partition of the diversity across the spatial scales leads to a higher total diversity in intermittent streams, compared to less variable environments.
Introduction
The Brazilian semiarid region represents one of the major dry lands in South America, being characterized by a high hydric deficit and low thermal amplitude [1] . These factors interact with broad climatic patterns to create important variation between dry and wet periods [2] . This affects the hydrology of the region which is characterized by intermittent watercourses [3] . The natural variation associated with the alternation of dry and wet periods and the intermittency of flow in rivers and streams create a mosaic of temporary natural aquatic habitats, mostly strings of ephemeral pools in the dry river bed and more permanent larger ones [4] . Therefore, these systems are highly temporally variable and spatially heterogeneous [5, 6] .
During the wet season, the mechanical force of the water flow changes the physical habitat and modifies water chemical characteristics and nutrient dynamics [5, 7] , whereas during the dry season, discontinuation of flow and water volume reduction influence community structure and diversity by concentrating nutrients and affecting physical and chemical characteristics of the water [5, 8] . Furthermore, during this phase, the water retention in semipermanent and temporary pools represents refugia for the maintenance of aquatic species [9] . These small patchy ecosystems have been argued to contribute disproportionately to the regional assemblage of species given their high local diversity [10, 11] . This is specially the case for the diversity of the aquatic microinvertebrate fauna which is subject to dispersal limitations that create variation in community composition [12] .
The role of dispersion/colonization of species in community composition is associated with the number of species that reach a pool or a suitable habitat and with the order in which these species reach a given habitat [13] . From then onwards species would be sorted out given other factors such as predation [14] , species traits [15] , and habitat structure [16] .
In such pools, specific adaptations and strategies are important to cope with the variable and commonly extreme conditions [17] , and such mechanisms may lead to the spatial and temporal segregation of the plankton fauna. Among the factors that influence species distribution and assemblage composition of zooplankton, physical and chemical characteristics have been argued to be the most important [18, 19] . Zooplankton assemblages respond rapidly to different water quality conditions most importantly so to temperature, conductivity, pH, and nutrient concentration.
Furthermore, studies have shown that the zooplankton community is sensitive to extreme variation in flow; thus species composition is changed and the succession of taxa is redirected after flow recession [20] . This results in different timing for the emergence of rotifers, cladocerans, and copepods from the inundated dry river beds [21] . However, the role of the hydrological disturbances in the spatial dynamics of zooplankton and the habitat variation in intermittent streams has received little attention. Studies indicate that water flow and its effects on habitat structure play a major role in producing and maintaining a mosaic of pools and microhabitats that can be used for colonization and refugia for aquatic organisms [22, 23] . This dynamic makes intermittent streams complex and heterogeneous systems, with organisms distributed in patches determined by environmental conditions affecting the fauna hierarchically [24, 25] .
Therefore, a subdivision of diversity in hierarchical scales in stream ecosystems will result from these factors, which represent the interaction of physical and biological processes. It has been proposed that this hierarchization is represented by macrohabitats, representing distinct morphological zones [26] ; mesohabitats, representing pools, runs, and riffles; and the microhabitats, representing stands of macrophytes or submerged vegetation and substrate types [24] .
Studies in the aquatic systems of semiarid Brazil show a high diversity of species, including the plankton fauna, and demonstrate that the patterns of diversity are associated with the hydrological extremes and habitat types and/or structure (see [11, 18, 27] ). Furthermore, zooplankton plays an important role in the nutrient dynamics and energy flow in dryland river systems [28] . Despite that, studies on patterns of distribution of zooplankton diversity and species composition in dry land intermittent streams are scarce and the effects of the habitat structure on plankton fauna are poorly known (see [11] ).
In this study we describe the richness and density of zooplankton across temporary pools in an intermittent river of semiarid Brazil and evaluate the partitioning of diversity across different spatial scales during the wet and dry periods. Given the highly patchy nature of these pools it is hypothesized that the diversity is not homogeneously distributed across different spatial scales but concentrated at lower levels. We also aim to establish the degree of association between environmental variables and the composition of species in the zooplankton assemblages.
Materials and Methods

Study Area and Sampling
Design. The present study was performed at the Paraíba River basin (Figure 1 ). This basin encompasses an area of 20072 km 2 and its altitudes range from 350 to 460 m a.s.l. [29] . Predominant vegetation in the basin is the Caatinga, an arboreal to shrubby open forest, characterized by the presence of xerophytic species [30] . This type of vegetation does not provide strong protection to the soil which increases water losses by evaporation, enhancing the temporal nature of river pools. The climate is classified as semiarid BS'h according to the classification of Köeppen-Geiger modified by Peel et al. [31] , with average temperature and precipitation of 26 ∘ C and 600 mm, respectively [32] . The wet season starts in January-February, with higher precipitation between April and June. The peak of the dry season lasts from September to January. The study area is classified as a being of extreme biological importance and identified as priority area for biodiversity conservation in the Caatinga biome [33] .
In the study basin, zooplankton was collected from three river reaches of 100 to 500 m during the wet (June 2010) and dry (October 2010) seasons. These river reaches were located (1) (Figure 1 ). Henceforth, river reaches will be referred to as the municipality where they run through. At each river reach three habitat samples (10 m tows) were performed and represent different pools or distinct microhabitat types (macrophyte stands, shallow or deeper areas, and rocky outcrops) at the same pool when less than 3 pools were found. From each habitat type sample, three subsamples were taken to account for intrasample variability.
Zooplankton was collected quantitatively using a plankton net (opening diameter 30 cm, length 70 cm, and mesh size of 60 m). The net was towed for a distance of 10 m on the surface of the water at dusk. To minimize variation in sampling efficiency across samples, velocity and length of tows were similar and the net was washed between each tow to prevent clogging (see [11] ). The zooplankton collected was anesthetized with commercial sparkling water and preserved in 4% formalin. Sucrose was added to the preserved sample to prevent female cladocerans from losing eggs and to minimize carapace distortion [34] . In the laboratory, three sub-samples were taken from each habitat sample and all individuals were identified [35] [36] [37] and counted in a Sedgewick Rafter counting cell (1 mL), and the density was calculated. Only rotifers, cladocerans, and copepods were considered in the present study.
At each river reach, supportive environmental data was collected, comprising physical and chemical water variables, pool morphometry, substrate composition, and the physical structure of the habitat. The physical and chemical variables were estimated using portable meters for pH (tecnopon mpa-210), conductivity ( S/cm) (tecnopon MCS-150), dissolved oxygen (mg/L), and temperature ( ∘ C) (Lutron DO-5510). Transparency (cm) was measured with a Secchi disk and water velocity (m/s) was measured using the float method [38] .
Stream reach morphology was evaluated by the average width (m) and depth (cm) taken from three transects randomly placed in the stream pool. Pool length was also measured and used to calculate pool area. The substrate composition and habitat structure were estimated in 9 to 12 survey points of 1 m 2 measured in the margins (see [5] ). In each survey point, the proportion of the sediment composition (classified as mud, sand, gravel, and cobbles) and littoral and underwater structures (e.g., macrophytes, grass, submerged vegetation, overhanging vegetation, leaf litter, algae, and woody debris) were estimated visually.
Data Analysis.
Zooplankton diversity was estimated using species richness ( ), defined as the total number of species at any given sample, and density ( ), defined as the number of individuals per cubic meter (ind m −3 ). To test for changes in richness and density across samples a factorial ANOVA was carried out, where each sample measurement of the response variables ( and ) was classified according to three factors (river reach, habitat sample, and season), where river reach has three factor levels, habitat sample has three factor levels, and season has two levels (wet and dry). In the presence of interaction the next high-order terms were analyzed (reach * season, reach * habitat, and season * habitat) and then the main effects. A log 10 ( + 1) transformation was applied to the response variables to enhance normality of the data set and equality of variances [39] . Post hoc pairwise comparisons were performed using Tukey's HSD test ( = 0.05).
Additive partitioning of diversity was used to decompose the total variation in zooplankton community composition (river reach) into its alpha and beta components. Alpha and beta diversity represent within-unit diversity ( ) and between-unit diversity ( ) on a given scale, respectively.
Zooplankton diversity was analyzed at three different spatial scales: (1) the sub-sample scale, representing individual counts in sub-samples of 1 mL for each sample ( = 27) (this is important to evaluate intrasample variability); (2) the local spatial scale representing the habitats at each reach ( = 9) and (3) the regional spatial scale representing the river reach ( = 3). Thus, the total diversity ( ) was partitioned into the diversity (expressed as percentage) within sub-samples ( 1) and between subsamples ( 1), between reach habitats ( 2), representing different pools or pool habitats, and between river reaches ( 3).
To evaluate temporal (dry/wet season) variation, the data was analyzed separately for each season. The additive partition analyses were performed using PARTITION 3.0 [40] , with individual-based randomizations (type I null model) [41] . The randomization process was repeated 10000 times to obtain null distributions of the alpha and beta diversity estimates at each hierarchical level. The probabilities obtained from randomization tests were interpreted as values in the sense that a low value ( < 0.05) indicates that the observed diversity is significantly higher than that expected under the null model and a high value ( > 0.95) indicates that the observed diversity is significantly lower than that expected [42] .
A 2-dimensional nonmetric multidimensional scaling (NMS) plot was obtained based on the Sorensen BrayCurtis similarity between all samples [43] to evaluate composition of zooplankton across reaches, pool/habitats, and seasons. The significance of differences was tested using the multiresponse permutation procedure (MRPP) [44] . To all MRPP analyses, the value of A is presented as a measure of the degree of homogeneity between groups compared to random expectation. Data were transformed by the arcsine square root [39] . Indicator species analysis [45] was used to determine which species discriminated the different spatial and temporal scales. The significance of the discriminating power (IV) was determined by the Monte Carlo test (1000 permutations). This analysis assigns an indicator value for each species, based on the degree to which they discriminate among groups. These groups are determined a priori and, in the present study, represent river reaches at each season. The indicator value ranges from zero (no indication) to 100 (perfect indication) of a species for a group. Perfect indication means that the presence of a species points to that particular group [46] . To assess how well environmental constraints across river reaches and seasons were correlated with the assemblages composition, a canonical correspondence analysis (CCA) was performed. The data matrix was centered and normalized and the correlations tested by the Monte Carlo test with 999 runs. The environmental variables used in the CCA were temperature, dissolved oxygen, transparency, pH, and pool area. Density data were arcsine square root transformed and the environmental variables, except for pH, were log 10 ( + 1) transformed [39, 47] .
Results
Rainfall during the present study was highly variable, with most peaks and higher cumulative precipitation being recorded between April and June, whereas the dryer period was observed between July and November ( Figure 2) ; as a consequence, surface water flow was observed only at the Cariri reach during the first sampling occasion (Table 1) . Thus, river reach morphology varied regarding the presence and size of the temporary pools. During both wet and dry seasons, the Santana and Caraúbas reaches presented relatively large single pools of different sizes, whereas the Cariri reach presented two smaller pools of different sizes, during the dry season (Table 1) .
River waters were neutral to slightly alkaline (range between 7.5 and 8.2) and well oxygenated (3.4 to 8.8 mg/L). Conductivity was below 5 S/cm at the Cariri and Santana reaches, whereas it remained above 900 S/cm at the Caraúbas reach. Water temperature amplitude was low, ranging between 26 and 30.9
∘ C, and transparency relatively high, between 56 and 115 cm. Sediment was composed mostly of sand and gravel, whereas the aquatic habitat was diverse with higher proportional contributions of aquatic macrophytes, marginal grass, algae, woody debris and leaf litter, and lower contributions of vegetal cover and submerged vegetation ( Table 1) .
The plankton fauna was composed of 37 species. Of these 28 were Rotifera, 5 were Cladocera, and 4 were Copepoda (nauplii of Copepoda were also recorded). Overall densities were low and only 8 taxa showed densities greater than 5 ind m Table 2 ). The most frequently observed taxa were Polyarthra dolicoptera and Copepoda nauplii, occuring on all study reaches and in both sampling occasions. Cladocera was the taxa with the lowest overall density, with higher values presented by Alonella granulata and Diaphanosoma spinulosum (0.28 ind m −3 and 0.13 ind m −3 , resp.). Copepoda with higher densities were the naupliar stages (153.07 ind m −3 ) and Mesocyclops longisetus (2.5 ind m −3 ) ( Table 2) . Factorial ANOVA showed significant interaction in richness and density across reaches, habitats, and seasons (threeway ANOVA, = 7.79; d.f. = 4,36; < 0.001; = 7.24; d.f. = 4,36; < 0.001). Thus, we interpreted the next high-order terms of the ANOVA, which were the two-way interactions between habitat * reach, habitat * season, and reach * season. These two-way interactions were significant for density (but not for richness) between habitat and river reach (three-way ANOVA, = 4.60; d.f. = 4,36; = 0.004) and habitat and season (three-way ANOVA, = 7.50; d.f. = 2,36; < 0.002). Analysis of simple main effects for these two-way interactions showed that habitat samples varied significantly for density only in the Cariri river reach (two-way ANOVA, = 11.6; d.f. = 2,36; < 0.001) and during the wet season (two-way ANOVA, = 12.3; d.f. = 2,36; < 0.001).
The two-way interaction remaining to be interpreted was the interaction between river reach and season, which was significant for both richness and density (three-way ANOVA, Partitioning of alpha and beta diversity components showed, in general, similar results for both wet and dry season collections (Figure 4) . The partitioning of diversity showed that, for the sub-sample scale ( 1), diversity was lower than expected from the null model ( > 0.999) for both seasons, yet the mean number of taxa was similar between wet and dry seasons (6.78 and 7.37, resp.). The relative magnitude of the 1 component (among sub-samples) was generally low and similar between seasons. Nevertheless, 1 was higher than the expected from the null model ( = 0.034) in the wet season and lower in the dry season ( = 0.992). Values of the 2 component (among habitats or pools) were higher than expected from individual-based randomization during the dry season ( = 0.002) and equal to expectation during the wet season ( = 0.101). This component represented 8 and 19% (wet and dry season, resp.) of the total diversity of zooplankton. The 3 component (between river reaches) presented higher diversity than that expected from the null model ( < 0.001) and represented 67% of the diversity during the wet season and 52% during the dry season.
Nonmetric multidimensional scaling (NMS) ( The first three axes of CCA explained 70.8% of the variation in zooplankton composition across river reaches, with a total variance (inertia) of 2.53. Most of the explained variations, based on the correlations between the environmental variables and the CCA axes, were explained by the first axis (27.2%), but the axes 2 and 3 were also important, explaining a substantial part of the variation in the data matrix ( Table 3) . The correlation between the zooplankton composition and the environmental variables was significant as shown by the Monte Carlo test for the eigenvalues and the speciesenvironment correlations ( = 0.009) (Table 3, Figure 6 ). According to the interset correlations between the environmental variables and the CCA axes, the most important variables explaining the zooplankton composition were pH, dissolved oxygen, and water transparency (Table 3, Figure 6 ).
Discussion
Richness and composition of zooplankton observed in the present study are in accordance with other studies developed in the semiarid region of Brazil [11, 27, 48, 49] and elsewhere [50] . During the present study, Rotifera dominated in terms of richness and density. This has been reported for other systems [51] and is generally attributed to their high fecundity, parthenogenic reproduction, and high growth rates [15] . These characteristics, in association with the generalist feeding habit, make the Rotifera a typically r-strategist and opportunist group [52] . According to Medeiros et al. [11] these strategies are favored by the highly variable nature of the intermittent streams.
Among the Rotifera registered in the present study, Brachionidae and Lecanidae were the most representative in number of species (see also [18] ). Brachionidae species are usually associated with the plankton whereas Lecanidae is mostly littoraneous, being associated with the benthos and periphyton or macrophyte stands [49] . The nonspecialized feeding of these taxa as well as the presence of a diverse array of littoral underwater structures and of aquatic macrophytes [16] associated with the low flows at the time of collection and the subsequent water retention is likely to have enhanced the richness of these taxa [53] . On the other hand, lower richness and density of Cladocera and Copepoda is explained by their more selective nature in relation to food and environmental changes. As reported by Walz and Welker [54] and Vieira et al. [18] these taxa tend to disappear or 6 International Journal of Biodiversity occur in very low abundance as the dry season progresses into harsh conditions and reappear when conditions become appropriate [55] . The higher densities of naupliar stages of Copepoda in the present study are the result of their ability to rapidly colonize temporary environments [56] associated with their high capacity to survive during recurrent events like the dry season in intermittent rivers [57] .
During the present study, the river reaches were characterized by low to total absence of water flow, leading to the predominance of pools as the habitat available for the plankton fauna. The hydrological variation and dry periods have been reported to change the structure of the communities of zooplankton (see [11, 18] ), where species with strategies to cope with the harsh and variable conditions during the dry season are selected among a larger possible array of species. Such environmental variability would lead to a spatial segregation, as the hydrological cycle progresses into specific habitats and communities [58] , and has been proposed to create a mosaic of local habitats at the pool scale and at the microhabitat within pool level in Brazilian semiarid rivers [5] . Thus, biological communities would be expected to assume different structures and composition along the river in accordance with the environmental heterogeneity. In the present study, analysis of variance supports that claim by showing significantly different richness across river reaches and habitats/pools and strong interaction with seasons. These interactions come, mostly, from the fact that richness was higher at the Santana reach during the wet period and density was higher at that reach during both seasons. Density and richness results for the other reaches were less conclusive, showing significant and nonsignificant variations across spatial and temporal scales, and only partially support the above argumentation. In particular, the significant variation observed in density across habitat samples in the Cariri reach Figure 4: Observed and expected diversity, partitioned into one alpha and three beta components, expressed as percent of total species richness. Numbers indicate the proportion of randomized samples containing more species than the observed sample for each partition. 1: subsample species richness, 1: beta diversity among sub-samples; 2: beta diversity among pools or habitats within pool, and 3: beta diversity among river reaches. is likely the result of flooding during the wet season which decreased zooplankton numbers and enhanced intrareach variability.
The Santana reach was an important source of univariate (richness and density) variation across the study spatial and temporal scales, showing overall higher densities and the most abundant species. Furthermore, density and richness tended to be higher in the dry season at the Cariri and Caraúbas reaches, but not at the Santana reach. Higher density and richness during the dry season in intermittent streams has also been reported in other studies and was associated with increased concentration of nutrients at shrinking pools and higher water residence time [11, 15] . It is likely that the opposite relationship observed in the Santana reach is related with the greater human impact that this reach suffers in comparison with the others, since it receives organic inputs from local human communities and from an adjacent intermittent tributary that receives waste water from a nearby town. This probably resulted in the observed high abundance of species that are indicative of eutrophic environments such as the genus Brachionus [59] and specially Brachionus angularis and B. havanaensis [60] .
Analysis of diversity partition provided additional support for the importance of local habitats/pools to the regional diversity, since the observed was higher than the expected for both local habitats ( 2) and the river reaches ( 3) . It also provides evidence that wet and dry periods play an important role in this partition, particularly at the lower scales of diversity ( 2), as shown by the higher observed and expected diversity during the dry period compared to the wet period. The importance of flooding on zooplankton composition has been recognized for intermittent aquatic environments in semiarid Brazil [18, 27] . In this study, we further support those views and highlight that the dry season or the absence of water flow enhances diversity by segregating the fauna composition among pools and therefore increasing diversity at the pool/habitat scale (see also [11] ). At larger spatial scales, in the present study at the river reach scale, the wet season has greater importance to diversity. That is the result of the susceptibility of the zooplankton to water flow, which increases the potential for different assemblages at different reaches. In this context, the effects of varying magnitude, intensity, and frequency of flooding across river reaches remain untested.
At the larger spatial scale, ordination showed different compositions of the zooplankton fauna across river reaches and that, despite this spatial segregation, a few species of Brachionidae and Lecanidae dominated. The dominance of specific groups of zooplankton across segregated assemblages has been reported for Brazilian semiarid aquatic systems [11] . This has been linked to species' responses to the hydrological disturbances which can create conditions that select species from a common larger pool of species that is broken into more specific assemblages at local scales [61] . The 1 observed for both study seasons was low, and the 2 diversity for the wet season represented a smaller fraction of the total diversity compared with the dry season. These results indicate not only higher intraspecific aggregation at the fine scales [62] , but also that the habitat/pool diversity is more aggregated during the wet period. In theory this could be explained by the increased proportion of ecological interactions of conspecifics (intraspecific aggregation) in comparison with interspecific interactions, which reduces competitive exclusion and enhances diversity [63] . In the present study, this may be associated with physical and chemical changes in the water and most likely pool area and/or microhabitat diversity. 
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Thermocyclops sp. Other physical and chemical factors, such as discharge, water temperature, pH, dissolved oxygen, and habitat complexity, have been shown to affect the zooplankton community [18] . Canonical correspondence analysis showed that a significant portion of the zooplankton distribution and composition was explained by the environmental variables. [64] , even though the effects of these variables are difficult to be evaluated separately. Hessen et al. [65] , for instance, pointed out that primary production and predation have greater effect on the zooplankton community than external factors such as area and geographic limits. Furthermore, physical and chemical variables in dryland rivers (e.g., conductivity and water transparency) have been reported to be associated with larger scale or geomorphologic processes [66] or with other variables operating at lower spatial scales (e.g., dissolved oxygen) [5] .
Conclusions
This study showed that the zooplankton presents a spatially segregated pattern of species composition across river reaches and that at low spatial scales (among pools or different habitats within pools) the diversity of species is likely to be affected by temporal changes in physical and chemical characteristics. As a consequence of the drying of pool habitats, the spatial heterogeneity within the study river reaches has the potential to increase local diversity during the dry season by creating patchier assemblages. This spatial segregation in community composition and the patterns of partition of the diversity across the spatial scales leads to a higher total diversity in intermittent streams, compared to less variable environments.
